C hronic low back pain (CLBP) is the most common reason for opioid prescription in outpatient clinics in the United States. 1 The United States has the highest surgical rate for spinal disorders in the world, and the rate is increasing, despite the similar incidence and prevalence of spinal disorders worldwide. [2] [3] [4] Considering that CLBP is the most common reason for prescribed opioids, it is common for CLBP patients to be on opioids before spinal surgery. Chronic opioid use is more common among patients who undergo orthopedic surgeries than among those who undergo other types of surgeries. 5 Retrospective studies have revealed that preoperative opioid use in patients with spinal diseases is associated with increased risks of postoperative opioid use and worse surgical outcomes including a higher rate of repeated surgeries. 6, 7 In 2016, >11.5 million people reported misuse of prescription pain medicine 8 and 115 Americans to die every day from an opioid overdose. 9 On October 27, 2017, the president declared the opioid crisis a national public health emergency under section 319 of the Public Health Service Act. This declaration was renewed on October 18, 2018, because of the continued consequences of the opioid epidemic. In effect, the opioid-use disorder has been increasing among the general population with some variance in the rate of opioid-related hospitalization depending on age, ethnicity, geographic location, 10 and household income. 11 However, the study on opioid-use disorders among more vulnerable population such as patients with painful spinal conditions and treatment was limited.
Substances abuse and mental health conditions were previously reported to be a contributor to the development of chronic opioid use that begins during the postoperative period. 5, 12, 13 Cannabis remains the most commonly used illicit drug in the United States with an estimated 22.2 million people using it currently, and an additional 2.4 million people reporting first-time use annually. 14 There were increasing emergency department visits related to cannabis use from 2006 to 2014 15 with marijuana legalization in 33 states and the District of Columbia during the last two decades. Although there is an ongoing debate on whether cannabis is a gateway drug 16 or a substitute for opioid use, 17 little attention about the effects of marijuana legalization on opioid-use disorders among patients with spinal conditions and treatment is rising. Therefore, it is necessary to examine the association of cannabis, mental health conditions, and other substances abuse among patients with painful spinal conditions and treatment.
The purpose of our study is two-fold: to examine the temporal trends of opioid-use disorders among hospitalized patients with spinal conditions and treatment in the United States from 2005 to 2014, and to identify contributing factors to the increasing opioid-use diseases within the same period (Summary slide-2, http://links.lww.com/BRS/B450, Suppl Tables, http://links.lww.com/BRS/B451).
METHODS

Data Source and Study Population
This study was based on the National Inpatient Sample (NIS). NIS is the largest publicly available, all-payer US hospital inpatient dataset. It contains a 20% stratified sample of hospital inpatient stays from across the United States. The dataset captures discharge information from hospital inpatient stays and belongs to the family of the Healthcare Cost and Utilization Project sponsored by the Agency for Healthcare Research and Quality (AHRQ). 18 The NIS can be weighted to generate national estimates. We used a 10-year data from 2005 to 2014. The use of the NIS dataset is entirely anonymous with no risk of a confidentiality breach. An institutional review board approval was waived. We completed a data user agreement with the AHRQ before using the NIS database.
Measures
We identified opioid-use disorders in hospitalized patients with cervical and lumbar spinal conditions and treatment using the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic and procedure codes to identify opioid abuse, dependence or poisoning. (Search terms included ''continuous'', ''episodic'', ''unspecified''; See Table 1 for details.). The term ''in remission'' was excluded.
Events of interest measured included the annual rate of opioid, cannabis, other substance-use disorders and spinal conditions, and treatment-related hospital discharges. We also measured the annual number of hospitalizations and length of stay. We examined patient characteristics including age, sex, race, primary payer, number of comorbidities, the severity of illness, cannabis use, other substance use, and hospital region (Table 2) , as there has been a variation of opioid-related hospitalization based on these factors. 10, 11 Allpatient refined diagnosis-related group was used to classify the severity of illness (0 [lowest]-4 highest]). 19 A dummy variable was created for the year subset of 2010-2014) for two reasons. First, the CDC designated 2010 as the start of the second wave epidemic era when heroin overdose deaths began to increase sharply. 20 Furthermore, on October 19, 2009 , the Department of Justice issued a memo stating that it would not prosecute marijuana users and sellers who complied with state laws for marijuana use. 21 
Statistical Analysis
First, the compound annual growth rate (CAGR) was used to quantify temporal trends of the annual number of opioids, cannabis, and other substance use-use hospitalizations in patients with spinal diseases. Its statistical significance was tested by Rao-Scott correction for x 2 tests for categorical variables. The CAGR supposes that year A is x and year B is y, and CAGR ¼ (y/x) [1/(B-A)]-1 has been widely used for health care valuation. 22, 23 Multilevel and multivariable regression analysis was performed to determine the relationship between opioid-use disorders and patient demographics, hospital factors, and socioeconomic status. To evaluate the effect of missing data on spine-related hospitalizations, we compared baseline characteristics between the missing and analyzed samples' characteristics. There were no statistical differences between the baseline characteristics of the selected and missing data. The model was determined to be stable, and the assumption of randomly missing data was found to be reasonable using the observed data. All analyses were performed using SAS statistical software version 9.4 (SAS Institute Inc., Cary, NC). All reported P values were 2-tailed and P value <0.05 was considered statistically significant. 
RESULTS
Descriptive Characteristics of Hospitalized Patients With Spinal Conditions and Treatment and Opioiduse Disorders
The 2005 to 2014 NIS database contained 382,516,561 hospital inpatient stays. Among the 23,663,307 hospitalizations with cervical and lumbar spinal conditions and treatment, 4,657,522 cases were removed because of missing value in an observation (Figure 1 ). Among 19,005,785 hospitalizations with spinal conditions and treatment, opioid-use disorders were 2.93% (557,423). Table 2 presents a descriptive analysis of patient and hospital characteristics. Table 2 . We observed overall decreasing trends in the length of hospital stay, with the sharpest decrease from 2010 to 2011. The CAGR of hospital length of stay was À1.60% (P < 0.001). Figure 3 presents the trends of annual rates of opioid, cannabis, and other substance-use disorders among hospitalized patients. We observed an increasing trend in annual rates of all opioid, cannabis, and other substance-use disorders except the rate of other substance-use disorder in 2008. The CAGRs of them were 6.47%, 10.34%, and 3.88%, respectively (all P < 0.001). 
Trends of Hospitalizations With Spinal Conditions and Treatment and Length of Hospital Stay
Trends of Opioid, Cannabis, and Other Substancesuse Disorders Among Hospitalized Patients With Spinal Conditions and Treatment
Multivariable Analyses of Opioid-use Disorders and Its Associated Factors Among Hospitalized Patients With Spinal Conditions and Treatment
DISCUSSION
The present study examined the nationwide temporal trends of opioid-use disorders among hospitalized patients with spinal conditions and treatment. The critical finding is the monotonically increasing pattern of opioid-use disorders (annually 6.47%) as observed in national reports from the CDC and self-report studies of increasing opioid abuse, dependence, or poisoning and treatment utilization patterns in the United States. 8 in this study is consistent with the same epidemiologic database of increasing opioid-use hospitalizations among patients with lumbar spinal fusion procedures. 12 
Trends of Hospitalizations With Spinal Conditions and Treatment and Length of Hospital Stay
Regarding trends of hospitalizations with spinal conditions and treatment, our findings are consistent with those from other studies on decreasing trends of elective lumbar spinal surgeries since 2011. 24 Spinal surgeries are among the most costly procedures in the US health care system. 25 26, 27 The effect of this shift of this practice pattern on the increasing trend of increasing opioid-related hospitalizations despite the decreasing hospital stay warrants further investigation beyond the health policy effects. 28 Age, Demographic and Socioeconomic Characteristics and Assumption of Purpose of Opioid Abuse, Dependence, or Poisoning
We observed a distinct pattern in the relationship between age and opioid-use disorders. Compared to middle-aged and older adults, young adults (<30 years' old) are the most vulnerable to opioid, and the risk of opioid-use disorders declines monotonically with progressing age. This finding supports the previous results that young adults are more likely than older adults to use opioids because young adults tend to perceive opioids as low risk, both for prescription and recreational uses. 29 Our findings may suggest illicit use as a potential contributing factor for opioid-use disorders among young adults, although the reason for opioid use was not available in our analysis. It is interesting to see the discordance of the median household income and primary payer in opioiduse disorders. Population with private insurance has the lowest rate, whereas the group with the highest median household income has the highest percentage. It may be secondary to the shift of the insurance carrier regardless of the household income after chronic disabling painful spinal conditions with opioid abuse, dependence, or poisoning. This fact warrants further investigation as this report lacked the longitudinal socioeconomic information of the individuals.
Cannabis, Other Substances, and Mental Health Conditions as Associated Factors of Opioid-use Disorders
Cannabis legalization during the last 18 years has led to a broader spectrum of medicinal as well as recreational use.
Sound production is more efficient than black market production, and falling cannabis prices have increased the accessibility of use among young adults. 30 Although there is an ongoing debate about whether cannabis is a gateway drug, our findings imply that cannabis use and opioid use can mutually increase each other, based on the reports from survey 31 and claim data. 15 Continuous use of cannabis, either medicinally or recreationally, may lead to increased dependence and higher tolerance levels. Therefore, it is possible that medical and recreational use of marijuana might lead to more detrimental health outcomes such as cannabis abuse or dependence. Because of the nature of our cross-sectional study design using the NIS dataset, we were unable to examine whether cannabis use begins before the opioid use. Also, socioeconomic status, depression, and anxiety were reported to be associated with an increased risk of persistent opioid use at 1 year following the intervention in this group. 13, 32 A recent study revealed about 50% of patients undergoing spinal surgery might be consuming opioids at the time of the surgical procedures, and 20% of this population may be opioid-dependent. 29 
Limitations and Strengths
As this study was a retrospective review of hospital discharge-based data, there are several significant limitations. First, this study only included discharge data and no actual medical assessments. Besides, the hospital discharge-based database does not provide information on actual consumption, dosage, or use patterns of the opioids, cannabis, or other substances. Second, we relied on ICD-9-CM codes that, to a certain extent, may have limited accuracy in capturing the actual person who used opioid, cannabis, and other substances with or without mental health conditions because of incorrect coding or missing data from coding practices and awareness of clinician's differences. 15 Furthermore, the identification of persons who used illicit drugs with mental health conditions was significantly underestimated, considering low sensitivity and high specificity in weighted estimates from discharge dataset. 33 This study cannot address the potential for unrecognized coding errors or unreported events that could influence the results. Third, our analysis could not fully specify the severity and onset of spinal diseases as well as time since spinal surgeries or procedures. Also, the temporal relationship, that is, the opioid-use disorders occurred before admission and was the cause of hospitalization, or occurred during the hospitalization, as an unintended overdose from the hospitalprescribed medication, was not investigated. Future studies need to consider this information using other datasets. Lastly, we did not fully interpret factors associated with opioid-use disorders among hospitalized patients with spinal conditions and treatment and variables (sex, income) because of insufficient precedent studies explaining clinical and policy implications of these findings. Given the extensive and recent data from the nationally representative dataset, we believe that temporal trends and associated factors of opioid-use disorders among hospitalized patients with spinal conditions and treatment are likelily generalizable to most patients with spinal diseases.
In summary, this study shows that opioid-use disorders among hospitalized patients with spinal conditions and treatment steadily increased from 2005 to 2014 in US hospitals. This trend was associated with cannabis and other substance-use disorders, mental health conditions, younger age, white race, higher household income, and public insurance or uninsured.
Key Points
Previous studies reported that chronic opioid use or preoperative opioid prescription for patients with spinal conditions and treatment increased the risk of opioid-related hospitalization or postoperative readmission. This study shows that opioid-use disorders increased by 6.47% annually among patients with spinal diseases from 2005 to 2014 in US hospitals. This increasing rate of opioid-use disorder was associated with the cannabis-use disorder, younger age, white race, male sex, higher income, and public insurance, and uninsured.
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